ABSTRACT
Introduction
From an inspection of the OGLE-II photometric database (Zebrun et al. 2001) , while searching for Be stars in the Small Magellanic Cloud (SMC), Mennickent et al. (2002, here after M02) found 78 variable stars characterized by periodic photometric variability. As noted by these authors, the nature of these variables is still unclear. They are redder than typical Be stars, usually show variable amplitudes, and subsequent research has shown that their periods clearly show a bimodal distribution (Mennickent et al. 2003) with a main broad peak between 20 and 130 days and a narrower secondary peak between 140 and 210 days. The same kind of type-3 stars were found in the Large Magellanic Cloud, and they also show a bimodal period distri bution (Sabogal et al. 2005) . As noted by M02, the photometric variability is very different to that observed in any known pulsat ing variable in the same color range, like SPBs or α Cyg stars.
From these investigations several interesting questions arise, for instance: What kind of phenomenon is triggering the pho tometric activity in these stars? Why is a bimodal period dis tribution for type-3 variables observed in both galaxies? In or der to contribute to answering these very fundamental questions we present here the first spectroscopic and detailed photometric study of a sub-sample of bright type-3 stars. We selected ob jects with V magnitudes in the range 13.4-15.5 mag. In Sect. 2, we give an overview of the photometric and spectroscopiĉ Figures 3, [5] [6] [7] [9] [10] [11] [12] [13] [15] [16] [17] Tables 1 and 3 are only available in electronic form at http://www.edpsciences.org observations, along with a brief description of the methods em ployed in the analysis. In Sect. 3 we present the results of our study. We discuss our results in Sect. 4, and give conclusions in Sect. 5.
Spectroscopic observations
Spectroscopic observations were conducted at CTIO during October 8-12, 2003 (UT) . We used the 1.5 m telescope with the Cassegrain Spectrograph and the Loral 1K detector. The first two nights, the grating #26 tilted at 16.2 degree and a slit width of 2 arcsecond yielded a spectral range of 3700-5470 Å, a dis persion of 1.3 arcsec/pix, and an effective resolution of 2 Å. The Loral CCD had a few dead pixels around wavelength 4051 Å; the artifacts produced by these pixels in the spectra were removed by interpolating the flux of nearby pixels. During the third and fourth nights, we used grating #36, with the same slit width, which yielded a dispersion of 0.77 Å/pix, a 1.9 Å effective spec tral resolution, and a wavelength range of 5765-6694 Å. For this setup, the CCD dead zone was between 5948 and 5951 Å. As for the blue spectra, bad pixels were removed by interpolating the flux between nearby pixels. The He-Ar comparison spectra were obtained between several science exposures typically every half hour. These comparison spectra provided wavelength cali bration functions with typical rms of 0.1 Å for grating #26, and 0.01 Å for grating #36 (6 kms-1 and 0.5 kms-1 at Hβ and Hα, respectively 
Methods and results
In this section we present the methods used for spectral classifi cation, give details on our search for photometric periodicities, provide a brief discussion of every object and discuss the avail able infrared photometric data.
Spectralclassificationandradialvelocities
We measured radial velocities and equivalent widths of sev eral lines in the spectra. The spectral classification of each star was derived by comparing it with the MK standard classification system, using the digital spectra available on line (http://stellar.phys.appstate.edu/Standards/ stdCTIO.html). In the case of early-type stars, we also de termined the spectral classification by using the measurements of the equivalent widths of the strongest lines (Didelon 1982 (Stock et al. 2002) and for A, F, and G-types we chose the metallic lines and the Hδ line (Stock & Stock 1999 Sect. 3 .3); a ratio F λ3500/ Fλ5500 between 2 and 2.7, except the enigmatic star SMC3-9, that shows a remark able down turn in flux downwards of about 4500 Å. We observe this fact as a confirmation of the similar spectral type and the presence of reddening. As a reference, black-bodies with tem peratures of 20 000, 13 000, and 10 000 K have the aforemen tioned ratios equal to 3.8, 2.7, and 2, respectively.
Searchfor periodicities
Our sample consists of stars whose photometric periods were first determined by M02. As that was a seminal paper, focused on the discovery of new types of variables in the Small Magellanic Cloud, no further detailed information was given about the pos sible multiperiodicity of the stars. In this section we describe our method of searching for multiple frequencies in the OGLE time series and list the results. The photometric data discussed here is part of the OGLE (Zebrun et al. 2001) In some cases, we obtained unrealistically high errors associ ated to the amplitudes of the sinusoidal solutions. We interpreted these results as unstable solutions, which could be due to formal, rather than physical, reasons. For these cases, we calculated un certainties from the error matrix of the least-square calculation.
Commentsonindividualstars
We cross-correlated our targets with stellar catalogues using the SIMBAD on-line query form. A number of matches were found that correspond to 7 previously catalogued emission line objects (from Hα imaging surveys), one Wolf Rayet star (OGLE00504344-7327053 = AzV 81), one Be X-ray binary (OGLE00581258-7230485 = RX J0058.2-7231), and the non emission object SMC41243 (Massey 2002 (Fig. 1a) . The spectrum shows double-peaked Hα emission with equiva lent width -99 Å and the red peak higher than the violet one (V < R). We also observed Hβ emission with equivalent width -8. Our method of searching periodicities yielded 7 signifi cant frequencies (Fig. 1b) 
OGLE00445466-7328029 (SMC3-2)
No previous study was found for this object. The remarkable phenomenon. The spectrum shows Hα emission with an equivalent width of -6.5 Å and other Balmer lines filled by emission. We found a spectral type of B7-9 III e, but the spec trum lacked the signatures to determine the color and absolute magnitude. The infrared colors for this star compiled from the 2MASS catalogue are J -H = 0.32 ± 0.09 and H -K = 0.11 ± 0.09, which when compared with typical colors for a (galactic) B9III star, namely J -H = -0.02 and H -K = 0.02 (Winkler 1997) , indicate significant reddening at the J -H color.
Our frequency-searching method yielded 5 frequencies for this star below the Nyquist threshold of 0.92 c/d. These are listed in Table 3 . Although all these frequencies satisfy our criterion having amplitudes more than 4 times the noise level, only F1, F2, and F3 produce a rapid and significant improvement in the fit quality (as measured by σ). The calculated fit reproduces the beating observed in the light curve very well (Fig. 2a) . In spite of the fact that F4 and F5 improve the fit only marginally, all frequencies are confirmed by OGLE-III data, which confirms the multiperiodicity of this star.
We note the similarity between the light curve of SMC3-2 and those of RX UMa, a galactic RV-Tau type semiregular vari able (Kiss et al. 2000) . The variability of these stars differs only by a scale factor, the variability of RX UMa having larger amplitude and longer time scale than that of SMC3-2. Kiss et al. (2000) explain the behavior of RX UMa as a beating of two closely-separated modes of pulsation. According to these authors, the period ratio (close to the ratio 1.107 found in SMC3-2) suggests either high-order overtone or radial+non-radial oscillation. Contrary to SMC3-2, however, semiregular variables are usually highly unstable in coherence and amplitude of variability and have cooler spectral types.
We see three possible interpretations for the beating phe nomenon: (i) it could be caused by modulated light variations in a three-body system; (ii) it could be caused by two protoplanets surrounded by dust shells orbiting at nearby radii as measured from the central star; and (iii) it could reflect some kind of stel lar pulsation. Alternative (i) is unlikely since the volume of the putative B-type binary probably excludes another possible bi nary with a period on the order of 15 days. Alternative (ii) is attractive and predicts larger amplitudes in redder passbands. This is what we really observe. The analysis of the MACHO in strumental b andr photometry indicates that the b-r color oscil lates with the same two main frequencies as the I -band magni tude, but with amplitudes of 0.007 ± 0.001 mag (F1) and 0.010 ± 0.001 mag (F2), and the star is redder when brightest.
The problem with this view is that two protoplanets or biting at close orbits would be gravitationally unstable, hence the probability of finding such a system is quite low. Finally, alternative (iii) is hard to admit, since there is no pulsation mech anism known in B-type stars acting with such a time scale of variability (Pamyatnykh 1999 
OGLE00455414-7314043 (SMC3-3)
The OGLE light curve shows a noisy periodic pattern (Fig. 3a) , and M02 report a low amplitude periodicity of 99 ± 4 days. No emission is detected in our spectrum, which indicates a spec tral type of F0 Ib-II. In agreement with M02, we found only one significant frequency, F1 = 0.00983 ± 0.00005, which is also present in the OGLE-III database. Fourier spectrograms are given in Fig. 3b. 
OGLE00463376-7312043 (SMC3-4)
This variable was previously classified as the emission line ob ject Lin-81 (Lindsay 1961 That the eclipses are of variable depth and shape (Fig. 4c) , and the strong variability of the light curve together suggest that the system could be an interacting spectroscopic binary. If we assume that the F5 supergiant is surrounded by an accretion disc fed by mass transferred from a secondary star filling its Roche-lobe, then the orbital period constrains the mean density of the mass donor star. Using standard formulae for close binary systems (e.g. Frank et al. 2002) , we obtain 5.8 × 10-6 gcm-3 for the mean density of the secondary star, which corresponds to a G0 supergiant.
OGLE00475014-7313164 (SMC3-5)
M02 report a low-amplitude periodicity of 30.0 ± 0.3 days (Fig. 5a) . No emission was detected in our spectrum, which in dicates a spectral type of B7-8 III. We found two frequencies, 0.03321 ± 0.00003 and 0.00135 ± 0.00322. F2 accounts for the long-term variability, while their large error and low amplitude, close to the noise level (Fig. 5b) , suggest that F1 is the only real frequency in this star. However, neither F1 nor F2 are present in OGLE-III data. This suggests that we have detected a transient periodicity in this star.
OGLE00492141-7258449 (SMC3-6)
The OGLE light curve shows long-term periodic variability (Fig. 6a ). M02 report a period of 197 ± 20 days. No emis sion is detected in our spectrum, which indicates a spectral type of A5 II. In agreement with M02, we found only one frequency, 0.00509 ± 0.00155 c/d (Fig. 6b) . However, this frequency is not reproducedbyOGLE-IIIdata,soweconcludethatthisstarprobably shows a transient periodicity.
OGLE00502564-7258071 (SMC3-7)
The OGLE light curve shows a noisy light curve with a rapid low-amplitude periodic oscillation (Fig. 7a ). M02 gives a peri odicity of 27.32 ± 0.40 days, which agrees with our finding of only one frequency, 0.03661 ± 0.00105 c/d (Fig. 7b ), but this is not reproduced by OGLE-III data, so it could be a transient pe riodicity. No emission is observed in our spectrum, which indi cates a spectral type of F4 IV, locating this star in the Milky Way halo. 3.3.8. OGLE00504344-7327053 (SMC3-8) This object was previously classified as the Wolf Rayet star AzV 81 (Massey 2002) , and it corresponds to the star WR 4 in the list of Massey & Duffey (2001) , who classify it as WN6. From RV studies, the star seems to be single, rather than a binary (Foellmi et al. 2003; Moffat 1988 (Fig. 8a) . A list of emis sion line strength for this star is given in Table 4 . For this object we found 6 significant frequencies, which are listed in Table 3 . M02 report a periodicity of 62 ± 2 days, but a re-analysis of their data with the IRAF pdm routine gives 51.8 days, in agreement with our first frequency. The difference probably corresponds to a typo in the M02 table. Even with these frequencies, the fit could not account for the variability in several epochs (Fig. 8b) ; this suggests the presence of aperiodic components in the signal. Foellmi et al. (2003) reported a periodicity of 6.55 days in the blue MACHO data for this star, and no periodicity in the OGLE light curve. We have no explanation for why they missed the 52-day periodicity and the other associated frequencies (we do not find the 6.55-day period in our analysis). It is then possi ble that the wrong light-curve was analyzed by these authors. Unfortunately, we had no additional data from OGLE-III to track the long-term behaviour of this star. We investigated the possibility that the 52-day periodicity could be the binary period. In this case it would be the longest period among WR stars in the SMC (Foellmi et al. 2003 30-90 degres. 3.3.9. OGLE00510018-7253039 (SMC3-9) This object was classified as the Hα emission object LHA 115-N 41 (Henize 1956 ) and is also named AzV 85 (Azzopardi & Vigneau 1982) . The OGLE light curve shows ir regular variability that consists of modulated oscillations prior to HJD 2 451 600 and a sudden drop in brightness after this epoch (Fig. 9a) . M02 report a period of 63 ± 3 days. We found Hydrogen and Helium lines in emission and determined a spectral type of B1 II-IIIe. The Hβ equivalent width is -2.2 Å (Fig. 9a) , which is typical of Be stars. Fading events as the observed in SMC3-9 have also been reported in some galac tic Be stars. For instance, the Be star 28 CMa showed, during March/April 1988, a sudden fading of a few weeks duration that was preceded by a quasi-periodic oscillation in time scales of 25 days (Mennickent et al. 1994) . Our analysis of the data prior to HJD 2 451 600 indicates the presence of three frequen cies, F1 = 0.00199 ± 0.000272 c/d, which removes the long term tendency, F2 = 0.01594 ± 0.00288 c/d, and F3 = 0.01743 ± 0.00006 c/d (Fig. 9b) . Only F2 is recurrent in the OGLE-III time series, and it is also the frequency reported by M02.
OGLE00510759-7326366 (SMC3-10)
The OGLE light curve reveals the periodic variability, which M02 reported as of low amplitude with a period of 185 ± 17 days. Our spectra cover only the red range, Hα is seen as a weak absorption, and the continuum slope is rather blue (Fig. 10a) . We detected only the frequency reported by M02, viz. 0.00541 ± 0.00018 c/d (Fig. 10b) , which is corroborated by OGLE-III data. However, the star could be an ellipsoidal variable if the true periodicity were twice F1. Based on the appearance of the phase diagrams, we favor this solution; we find an ephemeris for the times of a main minimum of P = 369.69 days and T min = 50 303.3773 (MJD) (Fig. 10a) .
OGLE00535922-7235089 (SMC3-12)
The OGLE light curve shows oscillations with variable am plitudes (Fig. 11a) . M02 derive a period of 73 ± 3days.No emission is observed in our spectrum. We estimate the spectral type A3 III (Fig. 11a) . The low radial velocities could indicate that the object is a possible member of the galactic halo, but they could also be due to orbital motion in a binary star. Our analysis gives two frequencies satisfying the significance criterion, F1 = 0.01378 ± 0.00002 and F2 = 0.00688 ± 0.00006 (i.e. 0.5 F1, (Fig. 11a) . We find an ephemeris for times of a main minimum of Tmin = 50 330.26981 (MJD). 
OGLE00552027-7237101 (SMC3-14)
This object was previously classified as the Hα emission line star MA93 836 (Meyssonnier & Azzopardi 1993) . The OGLE light curve shows complex periodic oscillations with a to tal amplitude of about 0.1 mag (Fig. 12a ). M02 reported a period of 107 ± 3 days. The spectral type is compatible with A0 Ibe. The Hβ line shows an incipient emission at the red wing of the absorption line, i.e. a weak P-Cygni type profile, with maximum emission at velocity compatible with the Hα emission veloc ity (see Table 2 ). The Balmer absorption lines are blue-shifted by 190 kms-1 as regards the emission lines, which could be explained by unseen red emission in their absorption wings. The Hα equivalent width is -18.5 Å. We observe strong absorption lines at λλ 5833.1, 5862.8, 5911.1, 5949.9, 5999.5, and 6081.1 Å (Fig. 12a) . Using the velocity system of the Hα emission, we identified these lines as Fe I (except λ 5833.1 Å, which could not be identified). We also tried the velocity system of the blue lines, but it yielded inconsistent and unreliable identifications.
We found six frequencies, which fit the overall photometric behavior of the star relatively well, but do not reproduce some excursions in some epochs, revealing the presence of aperiodic or non-deterministic components in the light curve (Fig. 12a) . We note that F2 = 2F1 for this star. F5 and F6 are not present in the OGLE-III data, hence they probably correspond to transient or spurious frequencies. The prewhitening process is illustrated in Fig. 12b . (Fig. 13b ). This frequency is not found in OGLE-III data. Their very low amplitude (3 mmag) sug gests that is an spurious detection. The period given by M02 is erroneous.
OGLE00581258-7230485 (SMC3-16)
This is the Be X-ray binary RX J0058.2-7231 (e.g. Schmidtke et al. 2003, hereafter S03) . The OGLE light curve shows a se ries of low-amplitude (∆I ∼ 0.05 mag) outbursts every 60-days and a sustained increase in the mean brightness (Fig. 14a) (Fig. 14a) ; fur thermore, the joint analysis of MACHO and OGLE data, cov ering 74 orbital cycles, indicates a quasicyclic period change with a time scale of variability of ∼1200 days (Fig. 14a) . Our spectra were taken during the bright phase, at phases 0.30 (blue) and 0.33 (red) . At these phases we observe Hα and Hβ emission, with equivalent widths of -15.5 Å and -1.7 Å, respectively. The continuum drops dramatically in a lapse of two days (Fig. 14a) We removed the long-term tendency of the light curve by fitting a straight line to the data, and worked with the resid uals. The four frequencies we found (Table 3) reproduce the shape of the light curve well, but only F1 and F2 are present in OGLE-III data, and they probably represent the fitting to a non-sinusoidal light curve rather than true physical frequen cies (Fig. 14a) . The prewhitening process is illustrated in the pe riodograms of Fig. 14b .
The period change in this binary could be compared with the X-ray variability predicted by recent models of Be X-ray bi naries by Hayashaki & Okazaki (2005 , 2004 . X-ray variabil ity could modulate the optical light curve through re-processing of high energy photons by the Be star envelope. The afore mentioned authors studied the long-term evolution of accre tion discs around the neutron star in Be X-ray binaries using a three-dimensional, smoothed particle hydrodynamics (SPH) code. They showed that a time-dependent accretion disc is formed around the neutron star and that the disc has a one-armed spiral structure that is induced by a phase-dependent mass trans fer from the Be disc. Hayashaki & Okazaki (2005) find that, after the disc is fully developed, the peak mass-accretion rate is dis tributed at phases around apoastron, which they interpret as ev idence that the mass accretion rate is basically caused by an in ward propagation of the one-armed spiral wave. According to their model, the time scale of variability for the X-ray luminos ity peak is around 24 orbital cycles. This number is remarkably close to our number (1200 days corresponds to 20 orbital cycles). However, the distribution of the luminosity peak in the models of Hayashaki & Okazaki amounts to a few tenths of the orbital cycle, much more than our detected variations of a few percents of the orbital cycle. The Hayashaki & Okazaki simulations also show the interesting result that a double-peaked X-ray maximum is observed when the disc is growing to maximum size. In con trast to the persistent double maxima observed in the optical light curve of RX J0058.2-7231, the structure seen in the simulations disappears when the disc is fully developed, after a few tenths of the orbital cycles. 3.3.15. OGLE01000078-7255229 (SMC3-18) This is the emission line object AzV 241 or Lin 363 (Azzopardi & Vigneau 1982; Lindsay 1961) . The OGLE light curve shows complex, presumably periodic, variability (Fig. 15a) . M02 report aperiodof35± 3 days. Our spectrum shows Hβ emission with an equivalent width of -2.0 Å, with the other Balmer lines prob ably partly filled by emission. Weak helium lines are also visi ble in the spectrum. We determined a spectral type of B8-9IIIe. Our search for frequencies yielded five significant frequencies for this star (Table 3 ). In general these frequencies fit the over all shape of the light curve well, but several outliers at different epochs indicate aperiodic components in the data. The only fre quency of this set that survives during the OGLE-III period is F1. The prewhitening process is shown in the periodograms of Fig. 15b .
Hβ emission lines and the spectral type is B1 Ib-IIe. The Hα equivalent width is -46.2 Å. Only one frequency is found in our analysis, 0.02249 ± 0.00006 c/d, which is also observed in the OGLE-III dataset, confirming the M02 report. Aperiodic activity is also visible in some epochs (see outliers in Fig. 16a ). The Fourier periodograms are shown in Fig. 16b. 3. 3.16. OGLE01045121-7246469 (SMC3-20) 3. 3.17. OGLE01045299-7159188 (SMC3-21) This is the emission line object AzV 366 or Lin 437 (Azzopardi & Vigneau 1982; Lindsay 1961) . The OGLE light curve shows periodic variability (Fig. 16a ). M02 reported a period icity of 44 ± 3 days. The spectrum shows prominent Hα and This is the emission line star AzV 364, also named MA93 1492 (Azzopardi & Vigneau 1982; Meyssonnier & Azzopardi 1993) . The OGLE light curve shows a periodic variability of 44 ± 3 days (Fig. 17a, M02 ). Our spectrum shows weak Hα emission Table5.2MASS J magnitude and colors (in mag) for the stars of this paper. The J-H color expected for the spectral type, according to Koornneef (1983) and Winkler (1997, for B-type stars) , is also shown, along with the estimated color excess. and Hβ partly filled by emission. The Hα line has an equivalent width of -12 Å. We derived a spectral type of B2 IIIe. We found four significant frequencies (Table 3) , but only F1, those found by M02, survives the stability test. The Fourier periodogramsare shown in Fig. 17b .
Infraredphotometryandcolorexcess
In this section we present and discuss the infrared photometry extracted from the 2MASS catalogue using the VizieR on-line query form (Ochsenbein et al. 2000) . We estimated the total J -H color excess using the expected colors for the spectral types and luminosity classes given in Sect. 3.1. The results are shown in Table 5 . We did not attempt to determine absolute mag nitudes from 2MASS photometry, since the large amount of in frared free-free and free-bound emission for stars with gaseous envelopes is hard to estimate with our data.
In Fig. 18 we show the color-color diagram for all ob jects, along with the position for classical Be stars and the main sequence and supergiant galactic tracks. We observe that the stars showing multiple periods and those with transient peri odicities lie close to the main sequence and supergiant tracks, whereas those with single stable periods and the eclipsing and ellipsoidal binaries show much more reddening in general. The star SMC3-5 (those with the largest error bar in the H -K color in Fig. 18 ) has a flag in the 2MASS catalogue indicating photo metric confusion probably by a nearby companion, therefore its infrared photometry should be taken with caution. (Koornneef 1983 ). The dashed oval indicates the region occupied by the classical Be stars of Dougherty et al. (1994) . The ar row shows the reddening vector for RV = 3.3 and a visual extinction of 2.5 mag.
Discussion
In the preceding section we have given a detailed discussion of the observed properties of each star in our sample. In this section, we focus on the general picture we can extract from this study. For this reason, in the following we exclude the objects SMC3-8 and SMC3-16, as well as the eclipsing and ellipsoidal variables, which were extensively discussed in the previous section, and will focus our attention on the remaining objects of our sample.
A general pattern seems to arise from the analysis in Sect. Finally, the last group of variables in this study corresponds to stars showing multiple periods. As noted before, the time scale of variability does not fit any known stellar pulsation mecha nism. However, all of them are emission line stars, so the vari ability could be associated to the envelope. Binarity could be the right scenario for these objects, and future time-resolved radial velocity studies are needed to check this view.
Conclusions
In this paper we have presented a photometric and spectroscopic study of 17 bright blue and yellow variable stars in the direc tion of the SMC. These stars were previously classified type-3 by Mennickent et al. (2002) ; i.e., they correspond to photomet rically periodic variables, Be star candidates, whose nature was not completely clear. During our analysis, we detected peculiar behavior in several light curves and interesting new features in the spectra of these stars. We summarize our findings as follows:
-We find a beating phenomenon in the star OGLE00445466-7328029 (SMC3-2), which could be explained by pul sation and misaligned orbital-pulsational axes in a bi nary system. However, the physical basis for the putative pulsation (of period about 15 days) remains unclear. This star also shows anomalous absorption lines attributed to lowexcitation metallic ions. -We find a variable photometric period in the Be X-ray bi nary OGLE00581258-7230485 (SMC3-16) 
